ABSTRACT
INTRODUCTION
Coverage of soft tissue defects of lower third of the leg, Achilles tendon, malleoli, ankle, and calcaneal area presents a challenging problem for orthopedic surgeons and plastic surgeons because of lack of local cutaneous, fasciocutaneous and muscle flaps in this area. Trauma and other deforming processes can involve soft tissue, underlying bone, ligamentous structures and defects that expose the tendon and bone directly. The heel is a weight bearing area, and this area is traumatized frequently. In addition, the skin over these areas is tight and has poor circulation. There are many possible coverage options, including skin grafts, local flaps, distant flaps and free flaps but their usage is limited and problems exist in these regions. Skin grafts are not suitable to cover the exposed bone, tendon, malleoli, heel, and weight bearing areas. are Contraindications to local flaps include; absence of peripheral pulses, diabetes, and peripheral vascular thromboses. Free flaps provide excellent tissue coverage but require a microvascular team and equipment. In addition free flaps are lengthy procedures.
Ponten was first to describe and propose fasciocutaneous flap. 1 Masquelet et al coined the concept of 'neuro-skin island flap', 2 since then these flaps are used widely. Such flaps are based on the cutaneous branches of the vascular axis around a superficial sensory nerve. Superficial sural artery neurocutaneous flap is an island flap based on vascular axis of sural nerve which gets reverse vascular flow through communication with the septocutaneous perforating branch of the peroneal artery. Different types of flaps can be designed based on its pedicle and components, such as Faciocutaneous, Adipofascial, and fasciomyocutaneous flaps. This versatile flap has definitive advantage. Such as; being easy to raise, has wide range of arc of rotation, requires minimal expertise, does not compromise major artery of leg, takes less time for surgery and can be done in single stage. Sural neurocutaneous flap has been described for the reconstruction of soft tissue defects of lower leg, foot and ankle by many authors. [3] [4] [5] [6] [7] [8] [9] [10] This article presents the efficacy and experience of distally based sural neurocutaneous flap.
METHOD
Between June 2010 to September 2013, 17 distally based sural flaps were executed in 17 patients. Sixteen flaps were performed for road traffic accidents and one for post tumor excision. Among 17 flaps, 14 were fasciocutaneous and three were fascial. The location of defects were around distal leg, ankle, hind foot (heel), and fore foot (Table) . Of the 17 patients, 11 were males and 6 were females. The age ranged from 5 to 60 years. The follow up ranged from 4 months to 22 months with average follow up of 13 months. The size of skin defect ranged from 12 x 8 cm to 6 x 3 cm. Islanded flaps were raised 12 to 26 cm in length from the tip of lateral malleolus. 
Surgical Procedure:
All flaps were raised in prone position. Flaps were designed over the calf region of the leg according to the size of the defect. The axis of the flap was marked between mid point of popliteal fossa to mid point between lateral malleolus and Achilles tendon. The pivot point was kept at 7cms above the tip of lateral malleolus. Flap planning was then done in reverse, depending upon the size and site of the defect.
Flap was raised in a Subfascial manner and sural nerve and lesser saphaneous vein is ligated and elevated with the flap so the flap contained skin, fascia, lesser saphaneous vein and sural nerve. In fascial (Adipofascial) flap; flap contained only subcutaneous fat, fascia, lesser saphaneous vein and sural nerve. Sural nerve is transected early on and included in the flap harvest. The skin overlying the fascial pedicle is undermined and the dissection is carried out up to pivot point. In all cases the pedicle contained subcutaneous fat, fascia, lesser saphaneous vein and sural Nerve. Pedicle width ranged from 4 cm to 6 cm. 18 The flap is rotated over the pivot point and transferred to the recipient area through an open or close subcutaneous tunnel. Open tunnel was preferred in those cases where subcutaneous tunnel was tight. The fascial flap is covered with skin graft after transfer to recipient site. The donor area is covered with skin graft.
Post operatively all cases were splinted in a above knee plaster of Paris splint. The limb was kept elevated by help of Posts attached to the splint (Fig. 1) . This helped in prevention of compression of flap as well as pedicle when patients were supine. After suture removal at two weeks time the splint is removed and crepe bandage is applied. Range of motion of ankle is started at this time. Full weight bearing is allowed for cases where the recipient area is 
RESULT
The flap survived in 16 cases. There was partial flap loss in three patients and complete flap loss in one patient. In one case flap had complete necrosis (Fig: 2) ; which required multiple debridement and skin grafting. In this case the defect was over forefoot and the flap length was 24 cm from the tip of lateral malleolus; with arc of rotation of 180 o . Three out of sixteen cases had venous congestion and superficial skin necrosis at the tip of flap which required debridement and resuturing (2 cases) or skin grafting (one case). One case had post operative recipient area infection with out flap complications which settled with debridement and antibiotics. All donor sites healed uneventfully with skin grafting. Almost all patients were satisfied with the results. Two patients complained of excessive bulk of flap over Achilles tendon coverage area. One of them required debulking procedure and was satisfied after that. One patient complained of hair growth over sole area at flap site (Fig: 3) ; which required Epilation in Dermatology department. None of the patient had any complain over sural nerve distribution. In general, overall result of reverse sural flap in this series was satisfactory. (Table 1) 
DISCUSSION
Soft tissue defects exposing bone, tendon and neurovascular elements in lowers extremity has been a constant problem to orthopedic surgeons. Orthopedic surgeons due to lack of expertise in soft tissue coverage like flaps, usually rely on plastic surgeons. Due to lack of expertise in our set up those patients having soft tissue defects either were referred to other centre or those defects were skin grafted with compromise to vital structures of foot and ankle. Transfer of patients to centers with availability of plastic surgeons leads to delay in coverage, and may lead to multiple other complications. In this series all the cases were performed by orthopedic surgeon with some experience in soft tissue coverage.
Coverage of soft tissue defects in lower limb has been common due to increase in motor vehicle accidents. There are large variety of flaps like; lateral supramalleolar skin flap, posterior tibial perforator flap, sural flap and free flaps for reconstruction of post traumatic defects of lower limbs, which are not familiar to orthopedic surgeon. Even though with good hands flap failure and donor site morbidity can occur. [4] [5] [6] Reverse sural flap being a useful and versatile flap can be raised easily with minimum expertise to reconstruct soft tissue defects of distal leg, ankle and foot. not at the weight bearing area. For fracture and fracture dislocation cases weight bearing is started as fracture healing was evident (6-8 weeks). For those cases where recipient area was at weight bearing area, weight bearing was started after six weeks. In such cases a silicon heel insert or a silicon sole insert was given to prevent ulceration in the flap. Original Article easy, and loupe magnification was not used in this series except for pediatric cases. The learning curve for harvesting the flap is relatively small as compared to microsurgery. In our initial flaps operative time was around 180 minutes but with experience operative time in later flaps was around 60 to 90 minutes. More importantly reverse sural flap does not depend on microsurgery like free flaps which require vascular anastamosis and it does not sacrifice any major artery of lower limb.
9-11
The versatility and efficacy of flap has been explained by many authors. 10, 11, 14, 22, 23 It has proven its versatility and efficacy in two of our cases (Fig: 4 and 5) . In both the cases first choice of coverage of such defects would have been a free flap. But reverse sural flap has replaced free flap in those two cases.
Reverse sural flap can be chosen to cover soft tissue defect of distal leg, ankle, hind foot and mid foot. In some instances with caution it can be used in covering soft tissue defects of forefoot. Long pedicle with 180 o pedicle rotation can result in flap failure, which was observed in one of the case in this series (Fig: 2) . The adipofascial pedicle width of 4 cm or more is important to assure survival of the flap. 16 In this series all flaps had 4 cm or more width of adipofascial pedicle.
Venous congestion of flap because of inadequate venous drainage is one of the reasons for partial or complete failure of flap. Most of the authors emphasize on the importance of including lesser saphaneous vein to ensure good venous drainage. [17] [18] [19] As demonstrated by Imanishi et al; 17 small caliber net work of veins surround the sural nerve, 19 In his series he observed venous congestion due to intact lesser saphaneous vein which was not sufficient to provide venous drainage and after ligation at the pivot point congestion was not seen. Many techniques are described to decrease venous congestion including opening intervening skin, venous supercharging and exteriorizing pedicle. 20, 21 In this series the intervening skin was opened in seven cases where subcutaneous tunnel was tight. In none of the cases supercharging or exteriorizing was done. In our series we included lesser saphaneous vein in all cases. Three flaps (17%) showed venous congestion and partial superficial skin necrosis which required debridement and resuturing/skin grafting. The rate of flap necrosis varies from 15% to 16%. 23 Many authors recommend early wound coverage with in 72 hrs in open fractures after stabilization of fracture. They observed lesser infection rates, rapid healing and early restoration of function. 13, [24] [25] [26] In this series most of the flaps were done for traumatic soft tissue defects. One case was of distal tibia open fracture covered with sural flap after external fixation. We achieved complete healing of fracture without second intervention with early restoration of function.
With exception to few cases, all cases showed fewer rates of infection, rapid healing and early restoration of function with satisfactory outcome.
Cosmetic deformity including graft over calf and contour deformity which is visible is one of the problems after sural flap. But considering the risk benefit ratio, with no microsurgical facilities, sural flap is the best option in our setup as those deformities can be covered with long clothing.
CONCLUSION
Reverse sural flap has been used for multiple reasons like open fracture, osteomyelitis, pressure sores, traumatic wounds and diabetic ulcers around foot and ankle. In this series we have used reverse sural flap for traumatic wound coverage and reconstruction of soft tissue defect after malignant melanoma excision successfully. In our experience reverse sural flap is a versatile flap for reconstruction of soft tissue defects of distal leg, ankle and foot.
In country like Nepal, availability of Plastic surgeons is very less. Orthopedic surgeons managing trauma have to take on this responsibility of covering such defects. Harvesting this flap is very easy and learning curve is small. Orthopedic surgeon if they take some training, they can easily cover these defects.
